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INTRODUCTION 
The fruit of the osage orange (also known as the hedgeap-
ple) tree, Madura pomifera (Raf.) Schneid. (Moraceae), has 
been used for insect control for many years; the ripe fruit of 
this tree was historically placed in cupboards or basements to 
repel cockroaches. t> Results of past research indicate that 
there may be some scientific validity to this well-popularized 
use. 2-s) Dichloromethane extracts repelled the maize weevil 
Sitophilus zeamais Motschulsky; but repellency decreased as 
extracts increased in purity (Peterson, unpublished). Repel-
lency to highly purified (:?: 98%) osajin and pomiferin, two 
major isofiavonoid components of the osage orange9•10> (Fig-
ure I) was not significant. 11> 
In the current study, the effects of osajin and pomiferin on 
European corn borer Ostrinia nubilalis (Hubner) (Le-
pidoptera: Pyralidae) feeding and growth were examined. 
Nutritional indices were calculated in one study in an effort to 
investigate the presence of an antifeedant response, and a 
second experiment examined the effects of osajin and pomifer-
X 
OH 
Fig. I Osajin X=H; pomiferin X=OH. 
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in on larval duration, pupal duration, pupal weight, and 
percentage adult emergence. 
MATERIALS AND METHODS 
1. Purification of Compounds 
Pure osajin and pomiferin were obtained from mature M 
pomifera fruit using the method of Peterson et a! y> High 
performance liquid chromatography determined the purity of 
osajin to be 94.6% and the purity of pomiferin to be 98.2%. 
2. Insects 
European corn borer ( Ostrinia nubilalis) were reared 
according to the method of Reed et a!Y> with modifications 
for the adult stage as described by Binder et afY> 
3. Feeding Study 
European corn borer larvae (50) were weighed, dried in an 
oven at IOO'C for 24 hours, and then reweighed to estimate the 
initial dry weight of each larva in this study, as well as the 
dry-to-fresh weight ratio. This was done separately for 
osajin and pomiferin. 
Food cores (50, see next paragraph for description) were 
weighed, dried for 24 hours in an oven at I OO'C, and then 
reweighed to determine the initial dry weight of each diet unit. 
The average of these 50 dry weights was used as the initial dry 
weight for all diet units in the test. 
The appropriate amounts of osajin and pomiferin to consti-
tute 0.8, 0.6, 0.4, 0.2, and 0.1% of diet dry weight were 
dissolved in 10 ml acetone and incorporated into 250 ml 
liquid artificial diet for European corn borer. Acetone (10 
ml) was used for the control groups. The diet was kept 
liquefied by warming it in a water bath at 40'C and by 
hand-stirring for several minutes to assure uniform distribu-
tion of the compounds. The diet was poured into culture 
dishes, allowed to solidify, and cores were taken with a cork 
borer. The diet then sat for 24 hours to allow the applied 
acetone in the diet to escape. 
Test vials for the feeding test were constructed as follows: a 
5-cm square of aluminum foil was weighed and wrapped 
around a small test tube in such a way that one end of the foil 
could be crimped off to form a "foil thimble." The foil 
thimble was placed inside a 7-mlliquid scintillation vial, and 
the diet unit was inserted into the thimble. A third-instar 0. 
nubilalis was placed into each vial and the vial was closed 
with a pre-formed metal screen secured by tension. The vials 
were placed in an incubator at 2TC for 5 days (16L: 8D). 
The test had two replicates with 36 insects per replication. 
After the 5-day period, the vials were disassembled and sepa-
rated into three parts: the uneaten food, the fecal material 
(including the pre-weighed foil thimble), and the insect. All 
three parts were frozen separately for no longer than 5 days 
at - YC until they could be dried at l OOOC for 24 hr and 
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weighed. 4. Growth Study 
The dry amount of food ingested (L1F), the dry weight gain 
of the insect (L1G), and the dry amount excreted (L1S) were 
measured gravimetrically (±0.01 mg) on an Ohaus GA 200D 
analytical balance. Food consumption rate (F), growth rate 
(G), and excretion rate (S) were calculated as such: F= 1000 
[L1F/(WeXt)], G= IOOO[L1G/(WeXt)], and S= IOOO[L1S/ 
(We X t)], where t is the duration of the test in days and We is 
the exponential fresh weight gain of the insect found by We= 
L1G/d X ln(W1/W1). 14> Here, d is the dry-to-fresh weight 
ratio of the insect and W1 and W 1 are the measured final and 
calculated initial fresh weights of the insect, respectively. 
Osajin and pomiferin were dissolved separately in acetone, 
serially diluted, and then incorporated into 100 ml liquid 
corn borer artificial diet as described in the previous section so 
that the final concentrations were 1, 0.1, 0.01 and 0.001% dry 
weight of the diet. Corn borer diet (ca. 10 ml) was poured 
into each of six 15-ml plastic diet cups. After the diet 
solidified for 20 hr, the cups were capped and left to sit at 
room temperature for 6 days. One six-day-old larva was 
introduced into each diet cup and the cup was capped. Each 
larva was observed daily after the tenth day until a pupa was 
seen. The pupa was weighed (in mg), sexed, the uneaten 
food and fecal material discarded, and the pupa returned to 
Table I Values, expressed in mg (±SEM), of nutritional parameters for osajin against 0. nubilalis, and percentage 
reduction from control for these values. 
Concentration of osajin 
0.80% 0.60% 0.40% 0.20% 0.10% Control 
L1F* 53.8±4.8 b 47.6±3.9 b 51.7±4.2 b 83.7±4.1 a 80.0±3.5 a 74.4±4.4 a 
27.7% 36.0% 30.5% -12% -8.0% 
LJG* 15.3±0.8 b 15.9±0.6 b 14.2±0.6 b 17.6±0.8 a 17.5±0.7 a 17.1±0.8 a 
10.5% 7.0% 17.0% -3.0% -2.0% 
LJS 40.8±3.3 37.1 ±2.1 34.3±2.2 40.5±2.5 42.2±2.5 41.6±2.7 
1.9% 10.8% 17.6% 2.6% -1.4% 
F* 129 ±9 be 114±8 c 137±9 b 193±6 a 190±6 a 178±9 a 
27.5% 36.0% 23.0% -8.0% -7.0% 
G 39.1 ±0.7 39.6±0.6 38.4±0.6 40.6±0.7 40.9±0.6 40.3±0.7 
3.0% 1.7% 4.7% -1.0% -1.0% 
s 102.1 ±5 96.4±5 92.1±4 92.4±4 99.0±5 98.3±5 
4.0% 1.9% 6.3% 6.0% -1.0% 
Numbers followed by the same letter within a row are not significantly different according to Is means (a=0.05). 
Negative values in percentage reduction indicate an increase in parameter value. *Statistical significance due to 
concentration observed at a= 0.05. L1F =amount of food consumed, LJG =amount of weight gain by the insect, LJS = 
amount excreted, F =feeding rate, G =growth rate, S =excretion rate. 
Table 2 Values, expressed in mg (± SEM), of nutritional parameters for pomiferin against 0. nubilalis, and 
percentage reduction from control for these values. 
Concentration of pomiferin 
0.80% 0.60% 0.40% 0.20% 0.10% Control 
L1F* 72.1±4.8 b 74.1 ±5.0 b 79.2±4.5 b 76.0±4.8 b 80.4±4.5 b 120±5.4 a 
40.1% 38.5% 34.2% 36.9% 33.2% 
LJG* 11.5 ±0.8 c 12.4±0.8 c 14.8±0.9 b 14.9±0.9 b 11.2±0.9 c 18.1±0.9a 
36.5% 31.5% 18.2% 17.7% 38.1% 
LJS* 30.1 ±2.2 be 32.8±2.2 abc 37.0±2.5 ab 35.9±2.2 ab 27.2±2.2 c 39.1±2.4a 
23.0% 16.1% 5.4% 8.2% 30.4% 
F* 888±47 b 860±50 be 796±20 be 732±30 c 1130±60 a 1120±70 a 
20.7% 23.2% 29.0% 34.6% -1.0% 
G* 132±3 b 135±3 bd 142±3 cd 143±2 ac 130±3 b 150±2 a 
12.0% 10.0% 5.3% 4.7% 13.3% 
s 365± 17 373±20 373± 16 355± 14 333± 13 333± 12 
-10% -12% -12% -7.0% 0% 
Numbers followed by the same letter within a row are not significantly different according to Is means (a=0.05). 
Negative values in percentage reduction indicate an increase in parameter value. • Statistical significance due to 
concentration observed at a= 0.05. L1F =amount of food consumed, LJG =amount of weight gain by the insect, LJS = 
amount excreted, F =feeding rate, G =growth rate, S =excretion rate. 
Table 3 
Compound Parameter 1% 
Male Female 
Osajin Larval 11.3±0.36 12.4±0.27 
Duration 
(days) 
Pupal 71±5 109±4 
Weight 
(mg) 
Pupal 7.3± 1.1 6.4±0.16 
Duration 
(days) 
%Adult 43 85 
Emergence 
Pomiferin Larval 11.2±0.20 12.9±0.39 
Duration 
(days) 
Pupal 72+4 109± 10* 
Weight 
(mg) 
Pupal 6.7±0.33 6.4±0.18 
Duration 
(days) 
%Adult 60 67 
Emergence 
*Statisical difference due to concentration (a=O.I). 
Osajin and pomiferin effects (± SEM) on the growth of 0. nubilalis. 
Concentration (% dry weight of media) 
0.10% 0.01% 0.001% 
Male Female Male Female Male Female 
11.4±0.37 11.8±0.19 11.4±0.27 12.6±0.34 11.4±0.30 11.7±0.24 
75±6 102±5 75+2 104±4 76+4 103±2 
7.6±0.40 7.1 ±0.40 6.8±0.2 6.3±0.18 7.2±0.20 6.5±0.22 
71 50 50 44 71 54 
11.1±0.12 12.1 ±0.35 10.9±0.20 11.7±0.44 10.7±0.40 11.7±0.49 
74±1 100±5* 72±3 96±4* 76±2 85±3* 
7.5±0.5 6.3±0.21 7.2±0.17 7.0±0.22 7.0±0.22 6.7±0.33 
25 67 67 54 78 50 
Control 
Male Female 
11±0.25 12±0.44 
77±2 104±6 
6.7±0.15 6.2±0.25 
83 57 
11±0.25 12±0.44 
77±2 104±6 
6.7±0.15 6.2±0.25 
83 57 
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the cup. Daily observations were made until adult emer-
gence. The test had four replicates, with six insects per 
replicate. 
5. Analysis of Data 
Ultrix SAS15) was used to calculate means, standard error of 
means, analysis of variance, and comparison of means by 
least square means analysis. 
RESULTS & DISCUSSION 
1. Feeding Study 
Observed larval mortality in this test was not greater than 
7% and 11% for any concentration of osajin or pomiferin, 
respectively. 
The response of the insects to osajin is summarized in Table 
I. There were significant differences due to osajin concentra-
tion for LIF, LIG, and F (P < 0.005). Calculated values for 
LIF, LIG, and F were significantly lower for treated diets at 
concentrations of 0.4% osajin and higher. The highest per-
cent reduction in LIF was seen for 0.6% osajin (36% reduc-
tion). The values of none of the other parameters showed 
this much reduction in value, except for F at 0.6% osajin (36% 
reduction, equal to the reduction in LIF). A decrease in LIF 
would have direct effects on the other five parameters, because 
insects that eat less will grow and excrete less. 
The response of the insects to pomiferin is summarized in 
Table 2. Significance due to pomiferin concentration was 
found for LIF, LIG, LIS, F, and G (P< 0.005). Significantly 
lower values at all pomiferin concentrations were seen for LIF 
and LIG (up to 40.1% and 38.1% reduction, respectively), G 
was lower at all concentrations except 0.2% (up to 15.3% 
reduction), and the dose-response relationship for LIS was 
unclear. The highest percent reduction in LIF was seen at 
0.8% pomiferin ( 40.1% reduction). F was significantly lower 
than control at all pomiferin concentrations above 0.1% (up 
to 34.6% reduction). Antifeedant effects of other flavonoids 
were found with Trichoplusia ni responses to soybean 
isoflavones16) and Helicoverpa zea responses to maysin.l7) 
Antifeedant properties may, partially at least, explain the 
observation that intact fruits were free from insect feeding 
damage. This does not explain, however, the historical use 
of these fruits as repellents, because osajin and pomiferin are 
not volatile. If the repellent activity of these fruits is factual, 
then repellency is due to components other than osajin and 
pomiferin. 11) 
There was a difference in the magnitude of the values for 
LIF and F between those calculated for osajin and those for 
pomiferin. A correction for the initial diet dry weights for 
the pomiferin test was necessary to avoid negative numbers 
for LIF and F values. We determined the highest final dry 
weight of the uneaten food (equal to 340.35 mg) and assumed 
that this would be the closest obtainable measured value to 
the actual initial dry weight. All LIF and F values for 
pomiferin are in relation to this value, and the significance of 
the observed dose-response relationship should be unaffected 
by such a correction. 
2. Growth Test 
The results of the growth test are summarized in Table 3. 
Significance due to concentration was observed only for 
pupal weight of females exposed to pomiferin (P=0.06), but 
pupal weight increased with increasing concentration, and 1% 
pomiferin did not appear different from the control. Larval 
duration, pupal duration, and percentage adult emergence of 
either female or male insects as well as pupal weight of male 
insects were not significantly influenced by concentration. 
An antifeedant response is reflected in the growth test by the 
reduction of pupal weight observed for female insects in 
response to pomiferin. Contrary to the results of Sharma 
and Norris16) for soybean isoflavones there were no significant 
effects of osajin or pomiferin on 0. nubilalis larval duration, 
percentage pupation, pupal duration, or percentage adult 
emergence. Only pupal weight of the female insects was 
reduced by the treatments. The effects of osajin and pomifer-
in to the European corn borer are modest, and therefore the 
practical utility of these compounds as insect control agents is 
likely limited. 
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